OBJECTIVE
To compare the safety and efficacy of two doses of a new testosterone gel formulation (Testim™, Auxilium Pharmaceuticals, Inc., Norristown, PA, USA) to a permeation-enhanced testosterone patch (Andropatch®, GlaxoSmithKline, UK) for treating men with confirmed low serum testosterone levels, and associated signs and symptoms of hypogonadism.
PATIENTS AND METHODS
In all, 208 men were randomized and treated at 29 centres in Denmark, Germany, Netherlands, Sweden and the UK. The men were treated for 90 days, and the pharmacokinetics and treatment effectiveness of Testim at two doses (50 and 100 mg/day, delivering a daily dose of 5 and 10 mg testosterone, respectively) and Andropatch (2 × 2.5 mg patches, each delivering 2.5 mg testosterone and containing 12.2 mg of testosterone) were compared. Pharmacokinetic profiles were obtained, body composition measured, and mood and sexual function data recorded.
RESULTS
Testim produced dose-dependent improvements in all pharmacokinetic variables compared with Andropatch. The mean increases from baseline to 90 days in testosterone were 12.41, 6.54 and 3.82 nmol/L for Testim 100 and 50 mg/day and the Andropatch, respectively. Both doses of Testim significantly improved positive and negative mood over baseline; Andropatch did not. All three treatments increased lean body mass, and the higher dose of Testim produced a significant decrease in percentage body fat. At all sample times both doses of Testim significantly improved sexual performance, sexual motivation, sexual desire and spontaneous erections. Andropatch provided insignificant improvements from baseline at all sample times for sexual desire, an inconsistent improvement in sexual motivation, but no effect on spontaneous erections. These results are similar to those previously reported for testosterone replacement therapy in hypogonadal men, suggesting that normalization of serum testosterone restores sexual function. However, the present data suggest that higher serum testosterone levels may further improve sexual function. Gel treatment was well tolerated, while patch treatment produced higher rates of application-site reactions and study discontinuation. The present study comprised ageing men with low serum testosterone levels ( ≤ 10.4 nmol/L) and associated signs and symptoms of hypogonadism. We compared three parallel groups treated with Testim at two doses or Andropatch™ (GlaxoSmithKline). The study was designed to evaluate and compare the efficacy of transdermal testosterone preparations in normalizing serum testosterone, and ameliorating the signs and symptoms of hypogonadism.
CONCLUSION

PATIENTS AND METHODS
In all, 208 men were randomized and treated at 29 centres in Denmark, Germany, the Netherlands, Sweden and the UK, with ≈ 70 in each treatment group ( Table 1 ). The men were aged 31-80 years and had a morning serum testosterone level of ≤ 10.4 nmol/L at screening (measured at a central laboratory) and one or more symptoms of low testosterone (i.e. fatigue, decreased muscle mass, reduced libido, and reduced sexual functioning that was not mechanical). Except for hypogonadism, the men were generally in good health. All men signed an informed consent form previously approved by an Independent Ethics Committee.
The study was designed as a randomized, multidose, multicentre, active controlled study. The three daily treatments under study were Testim 50 and 100 mg (delivering a daily dose of 5 mg and 10 mg testosterone, respectively), and a transdermal testosterone patch (Andropatch, two patches each delivering 2.5 mg testosterone and containing 12.2 mg). The Testim treatments were doubleblinded by using a matched placebo gel but was open-label for the Andropatch group. All study drug treatments were applied in the morning; repeat applications were administered at the same time of day for the duration of the study.
On the day before starting treatment the men had a baseline 24-h profile for serum testosterone, free testosterone and dihydrotestosterone (DHT), consisting of serum samples taken at 08.00, 10.00, 12.00 and 16.00 hours, the 24 h sample being taken at 08.00 hours on the first day, immediately before the first dose of study drug. At 30, 60 and 90 days, the 24-h profile was repeated for the three forms before dosing and at 2, 4, 8 and 24 h after the study drug was administered. The prostate status was evaluated at screening (PSA levels only), and the day before and 90 days after treatment by PSA levels, the IPSS and a DRE. Body composition, i.e. lean body mass, fat mass and percentage of body fat (%fat), and bone mineral density of the L1-L4 section of the lumbar spine were measured by dual-energy X-ray absorptiometry at − 1, 60 and 90 days. The sexual function and mood questionnaires were recorded daily for 14 days before starting the drug and then daily for 7 days before the 30, 60 and 90 days assessment. Skin irritation was examined using a standardized, discrete scoring system before dosing (day 1) and at 30, 60 and 90 days afterward. The medical history and physical examinations were conducted and all adverse events recorded at each visit.
The skin irritation scoring at the application site was as follows: 0, no erythema; 1, minimal erythema; 2, moderate erythema with sharply defined borders; 3, intense erythema with or with no oedema; 4, intense erythema with oedema and blistering.
Sexual functioning and mood assessments were based on a questionnaire that had previously been validated for assessing sexual function and mood, and used previously for evaluating the effects of testosterone gel on sexual function and mood [1] . The questionnaire elicited information on sexual function, i.e. performance, motivation, spontaneous erections, desire, enjoyment (with and without a partner), and satisfaction with erection duration and percentage of full erection. The men also rated positive mood (alert, full of energy, friendly, well, or good) and negative mood (angry, irritable, sad or depressed, tired, nervous).
Serum testosterone and derivatives were all measured using validated radioimmunoassay kits (Diagnostic Products Corp., Los Angeles, CA for testosterone and free testosterone, and Diagnostic Systems Laboratories, Webster, TX for DHT).
STATISTICS
The 24-h pharmacokinetic profiles for testosterone and DHT were summarized by average, minimum and maximum concentrations (C avg , C min and C max ) after dosing. The changes from baseline to 30, 60 and 90 days in C min , C avg , and C max were analysed using an analysis of covariance ( ANCOVA ) with the baseline value as the covariate and treatment group as the factor. Similar analyses were used for the change from baseline in sexual function, mood and body composition, and for the clinical laboratory variables at 30, 60 and 90 days. Treatment-emergent adverse events were compared using Fisher's exact test. Skin irritation at each sample times was analysed using the Wilcoxon rank-sum test. At 30, 60 and 90 days both the 50 and 100 mg Testim groups were compared separately with the Andropatch group using an α level of 0.05; all comparisons for safety variables also used this level. The changes from baseline in sexual function, body composition and mood were also analysed for non-zero differences within each treatment group, based on the adjusted least squares means from the ANCOVA model.
RESULTS
In all, 208 men were randomized, with 68, 72 and 68 in the Testim 50, Testim 100 mg/day and Andropatch groups, respectively ( Table 1) . The baseline characteristics were comparable across all three groups. The causes of hypogonadism were primarily attributed to the secondary causes of ageing and normogonadotrophic hypogonadism changes (Table 1) . A significant proportion of enrolled men completed the 90-day study (93% and 97% in the Testim 50 and 100 mg/day groups, respectively, and 79% in the Andropatch group). The primary reason for the higher rate of discontinuation in the Andropatch group was adverse events (13%) with most being related to skin irritation at the patch site. Dosing compliance over the completed dosing periods ranged from 96% (Andropatch) to 97% (Testim 100 mg/day).
ANDROGEN LEVELS
Testim increased serum testosterone levels more than did Andropatch and generally in a dose-dependent manner (Table 2) . Consistently throughout the study, Testim 100 mg/day increased C avg , C min and C max more than 50 mg/day and Andropatch. At 90 days the mean change from baseline with the 100 mg/day Testim in testosterone C avg was over three times greater than that with Andropatch ( P < 0.001) and about double the increase seen with the 50 mg/day Testim ( P < 0.05). The results at 30 and 60 days were consistent with those at 90 days.
The mean changes in DHT (C avg , C min and C max ) from baseline at 90 days are also shown in Table 2 . Testim had similar effects on DHT as on testosterone, with significant consistent increases from baseline throughout the study and in a dose-dependent manner. Conversely, treatment with Andropatch produced a relatively small increase in all three variables for DHT. At 90 days the change in DHT C avg was greater with 100 and 50 mg/day Testim than with Andropatch ( P < 0.001 for both comparisons, Table 2 ). The results from 30 and 60 days were consistent with those at 90 days.
The data for free testosterone are also shown in Table 2 and were comparable with those for testosterone. Testim increased free testosterone levels more than did the Andropatch and in a dose-dependent manner; the mean change in C avg at 90 days with 100 mg/day Testim was more than twice that with 50 mg/day Testim ( P < 0.001) and more than three times that with Andropatch ( P < 0.001). The results at 30 and 60 days were consistent with those at 90 days.
BODY COMPOSITION
For lean body mass, at 90 days, as at 60, there were significant within-treatment group changes from baseline for all three treatments. The only other significant withintreatment group change from baseline was in the 100 mg/day Testim group for %fat ( P < 0.01), where there was a reduction of 0.12%. The increase in lean body mass in the 100 mg/day Testim group was 2.5% (1.5 kg). The 90 day body composition results are also shown in Table 2 . Not surprisingly in a 90-day study, there were no statistically significant changes in bone mineral density within any of the three treatment groups.
MOOD
Although there were no statistically significant treatment differences among the three groups the 100 mg/day Testim group had significant increases from baseline in positive mood at all samples times, while the 50 mg/day Testim group had significant increases at 30 and 90 days. The Andropatch group had no statistically significant changes from baseline at any time.
The alleviation of negative mood, as shown by a reduction in negative mood scores, was consistent in the 50 mg/day Testim group at all times from baseline and for the 100 mg/ day group at 60 and 90 days. In contrast there
was no statistically significant within-group change for Andropatch at any time. There were significant differences between treatment groups at 90 days in favour of Testim over the Andropatch ( P < 0.05).
SEXUAL FUNCTION
For those sexual function variables assessed the results showed that all treatment groups had a significant improvement in sexual function throughout the study, although there were few significant differences between treatment groups at any time. At 90 days there were significant improvements within treatments from baseline for all three groups in sexual motivation, sexual desire and sexual performance (Table 2) .
While there were no statistically significant differences among treatment groups, both Testim groups had a statistically significant within-treatment improvement in spontaneous erections at all times from baseline ( P < 0.05). Andropatch produced no statistically significant within-treatment changes from baseline at any time. Men treated with Testim had about twice the incidence of spontaneous erections at 30 and 60 days than at baseline.
Men treated with Testim had a consistent improvement in sexual motivation throughout the 90-day period, with significant differences from baseline at all times, but the Andropatch group had a less consistent improvement, with no differences from baseline at 60 days. Men in all three groups had a consistent and significant increase in sexual desire throughout the study.
Men treated with Testim generally had a greater and more consistent improvement in sexual performance than those treated with Andropatch. At 30 days there was a significant increase with 100 mg/day Testim group vs the Andropatch ( P < 0.05). The change from baseline at 90 days is shown in Table 2 , with significant and clinically meaningful improvements of 50%, 38% and 33% in the 100, 50 mg/day Testim and Andropatch groups, respectively ( P < 0.001, < 0.05 and < 0.05).
SAFETY
Overall, the incidence of experiencing one or more treatment-emergent adverse events was similar in the Testim groups, but was about twice as high in the Andropatch group, at 35% for 50 and 29% for 100 mg/day Testim, and 63% for the Andropatch. Whilst treatment in the Testim groups was relatively well-tolerated over the 90-day period, the Andropatch treated men had a substantially higher rate of adverse events. Those most commonly reported were erythema, irritation and reactions at the application site. In the Andropatch group there was a higher frequency of withdrawal from the study because of adverse events, i.e. 13% with Andropatch and 4% in the 50 and none in the 100 mg/day Testim groups. All of the discontinuations for adverse events in the Andropatch group were caused by local tolerability problems associated with the patch application site.
LABORATORY ANALYSES
The incidence of clinically notable laboratory values was low for all treated men. There were small decreases in total cholesterol and highdensity lipoprotein (HDL) which were doserelated; there were significant differences between the 100 and the 50 mg/day Testim dose ( P < 0.05) but not compared with Andropatch. There was no significant effect on the total cholesterol/HDL ratio for any of the three treatments.
Increases in haemoglobin, haematocrit, and red blood cells (RBCs) are known pharmacological effects of testosterone [1, 5] . Consistent with this, men in the 100 mg/day Testim group had statistically significant increases from baseline to 90 days in haematocrit and haemoglobin, compared with both the 50 mg/day Testim and Andropatch groups ( P < 0.001 for haematocrit and RBC count, P < 0.01 for haemoglobin, both group comparisons). The effects with Andropatch treatment were consistently smaller than those with Testim, reflecting the lower mean serum testosterone levels with Andropatch treatment. There were also statistically significant mean changes for eosinophils and basophils, but the changes were minor and of no apparent clinical significance.
The mean changes in PSA at 90 days were relatively small; they were >4.0 ng/mL at least once during treatment in 3%, 4% and 3% of men in the 50 and 100 mg/day Testim and Andropatch groups, respectively. These PSA changes were consistent with the known effects of testosterone therapy [1, 5, 9] . Most increases in PSA were <1 ng/mL and levels stayed below that considered to be 'abnormal' (4.0 ng/mL).
The changes from baseline IPSS were very small and the incidence of men having worse findings on a DRE was low. No variables provided evidence of clinically relevant treatment-related effects or differences. Figure 1 shows the frequency distribution of men with positive skin irritation scores. As noted, the scoring system was based on a five-point categorical series; overall, the Testim-treated groups had a very low incidence of skin irritation. Doubling the dose of Testim (to 100 mg/day) did not increase the incidence of skin irritation events. In comparison, the Andropatch group had a substantially higher incidence of skin irritation, with 47% of men reporting irritation at 30 days and 53% reporting it at 90 days. Furthermore, the reported irritation was more severe, with many men categorizing it as moderate to intense.
SKIN IRRITATION
DISCUSSION
This study showed that testosterone gel was superior to the marketed comparison Andropatch; Testim 100 mg/day was better than Andropatch for normalizing serum testosterone levels. Furthermore, there was a clear dose response, in that Testim 100 mg/day was better than 50 mg/day for normalizing serum testosterone levels. Comparable results were obtained with serum levels of DHT and free testosterone. While both doses of Testim produced similar statistically significant increases over baseline in lean body mass, the higher dose of Testim also produced a statistically significant decrease over baseline in %fat.
Both doses of Testim gave statistically significant improvements in positive and negative mood over baseline; there were no similar effects on mood with Andropatch. The therapeutic effect was further substantiated because both doses of Testim improved the sexual variables, improving sexual performance throughout the study at statistically significant levels, whereas Andropatch had no effect at 30 days. At all three times during the study, both doses of Testim produced significant improvements from baseline in sexual performance, sexual motivation, sexual desire, and spontaneous erections. Such improvements after restoring serum testosterone to normal levels are likely to be clinically meaningful in older men with low testosterone levels. Andropatch produced inconsistent improvements over baseline in sexual motivation, significant improvements at all times for sexual desire, but no effect at any time on spontaneous erections.
The men had potentially beneficial and known pharmacological class effects of androgens, i.e. raising the levels of haematocrit, haemoglobin and RBCs. There were small mean increases in PSA in all groups, but no effect on the IPSS. There were small but notable dose-related decreases in total cholesterol and HDL with Testim, and no significant changes in the total cholesterol/ HDL ratio. 
